The aim of this study is to identify the pathophysiology of "prolonged" migraine aura not clearly understood. We studied cortical cerebral microcirculation by Near Infrared Spectroscopy system (NIRS) and cerebral macrocirculation by transcranial Doppler (TCD) in 8 subjects (3 M and 5 F, age range 21-41 years) during spontaneous "prolonged" migraine aura in according to ICHD-II criteria 2004 (code 1.6.2.) up to 24 hours after the end of aura and compared the results with the headache-free periods. During aura NIRS showed a significant decrease of the Arterial Pulse Wave of Cerebral Microcirculation (APWCM) amplitude (-33 % ± 5.7), p<0.001, and a significant increase of Cerebral Tissue Oxygen Saturation (SctO 2 ) (+15.5 % ± 5.1), p<0.001 contralateral to the symptoms of aura compared with the headache-free periods; TCD showed a significant increase of Pulsatility Index (+36.5 % ± 6.5), p<0.001 and a significant decrease of the diastolic velocity in the posterior and middle cerebral artery contralateral to the symptoms of aura compared with the headache-free periods. In conclusion during "prolonged" migraine aura we find areas of cortical hypoperfusion corresponding to the topography of aura symptoms that are the result of a decreased metabolic demand rather than an ischemic mechanism.
Introduction
Leao first suggested a relationship between cortical spreading depression (CSD) and migraine aura, based on the uniquely slow spread of clinical and electrophysiological events [1] . CSD is a wave of mass neuronal firing and neuronal and glial depolarisation which propagates through the cortex at a rate of 1-5 mm /min followed by prolonged depression The oligaemia starts from occipital cortex and spreads anteriorly at the same rate of CSD [6, 8, 9] . Only one study using PositronEmission-Tomography (PET) performed during human migraine aura documented cortical regions corresponding to the visual cortex with significant reduction in CBF (-23% :oligaemia) and Cerebral Metabolic Rate of Oxygen (CMRO 2 ) (-22%) but no change in Oxygen Extraction Fraction (OEF) compared to baseline. These data suggest that cerebral ischemia is not the primary cause of the attacks in these cases [3] .
These human neuroimaging studies indirectly suggest that CSD underlies aura migraine, each demonstrates one or more aspects of CSD associated with this cerebral disease. More direct evidence that CSD underlies visual aura was obtained with magnetoencephalography (MEG ). The MEG studies reveal that migraine visual aura is associated with shifts in direct current neuromagnetic field potentials similar to those seen during CSD [10, 11] .
During attack of migraine with aura a TCD study suggests a cerebral hypoperfusion contralateral to the symptoms of aura [12] .
To date the pathophysiology of migraine aura is not clearly understood. This uncertainty about the mechanisms of migraine aura has seriously limited the development of therapeutic drugs that could act directly on CSD.
The objective of our study is to identify the pathophysiology of "prolonged" aura migraine. It is relatively rare but the aura can be easily studied, because prolonged. This study can provide information about also the pathophysiology of migraine aura that we suppose to be similar.
Methods

Experimental procedures
The Local Research Ethics Committee approved this study and all participants gave their informed consent prior to their inclusion. and occipital cortex of both sides [13, 14] .
In our study we calculate the percentage changes of SctO 2 and the APWCM amplitude in each patient for the same cortical territory during the "prolonged" aura compared to the headache-free period to minimize the bias using the absolute value of baseline. The percentage variations of these NIRS parameters are validated by many authors [13, 14] 
NIRS instrumentation
We used a NIRS custom instrumentation 
Statistical Analysis
We used t-test for comparison of means of TCD and NIRS parameters during migraine aura versus headache-free period. (MedCalc statistical software).
Results
In all patients during "prolonged aura" of migraine attack NIRS showed a significant mean visual aura preceded the other aura signs:
aphasia, hemiparesthesia, mild hemiparesis.
Only the latter symptoms were present at the time of the first TCD and NIRS examination. All patients had headache (Table 1 ).
There were no significant differences in heart rate (74±9-74±8 beats per minute) and blood pressure (118±9/80±7-119±9/78±5 mm Hg) between the headache-free and aura migraine periods. In all patients we performed cranial CT scan during aura and after 48 hours the offset that resulted negative. After 48 hours since the end of aura also MRI and EEG resulted negative. 
4.Discussion
During aura the decrease in diastolic velocity and the increase in PI suggest cerebral hypoperfusion [12] ; the decrease of the APWCM amplitude suggests hypoperfusion in cerebral cortex since change in the APWCM amplitude has good linear correlation with the change in cortical CBF [13] . SctO 2 is the degree of oxygenation of cerebral cortex and can be converted to OEF by the following formula: OEF = (SaO 2 -SctO 2 ) /(Y x SaO 2 ) [15] Additionally it is demonstrated that the increase in neuronal activity leads to an increase in rCBF, and the decreases in neuronal activity or metabolic demand leads to a decrease in rCBF [16] .
The hypoperfusion and the increase in SctO 2
were much more pronounced contralateral to the symptoms of aura. Our data seem more concordant with CBF and TCD studies [3,5-7,12]. The NIRS and TCD parameters normalized gradually after the end of aura suggesting a CMRO 2 threshold below which the symptoms of aura appear. We not observed the spreading hyperemia followed by spreading hypoperfusion as described in many studies during aura migraine because we suppose our patients were studied much later after the onset of aura [17] . We observed only the followed long lasting hypoperfusion as described in many studies [6, 7] . In the "prolonged "aura of our patients the hypoperfusion had interested the occipital, parietal and frontal cortex, while during visual aura migraine the hypoperfusion do not cross the parieto-occipital gyrus [2]. We suppose because there is CSD susceptibility even in these cortical territories in "prolonged" migraine aura.
How can this cortical hypoperfusion be . It is likely that this reduction of cortical activity is linked to the cortical hypoperfusion-hypometabolism as observed in our study [16] . In patients with aura, events intrinsic to cortex may cause activation of CSD [19] . surface arteriolar changes associated with CSD appear to have independent mechanisms of propagation [25] .
On this hypothesis, the primary event in of migraine with aura could be a spreading oligaemia triggered by the activation of brainstem nuclei [18] . Cortical susceptibility to this oligaemia could then trigger CSD producing visual aura [18] . It is more likely that oligaemia-hypometabolism triggers CSD than only oligaemia and we suppose below a threshold: in a PET study Woods observed spreading oligaemia which began in the occipital cortex spreading anteriorly but the subjects reported no aura symptoms [8] .
Additionally if the oligaemia-hypometabolism is below a CMRO 2 threshold as demonstrated in our study, other negative symptoms appear.
Finally the long-lasting hypoperfusion could not be explained by a single wave of CSD. To produce such a long-lasting event, a succession of waves would be required [18] , which seems unlikely in the presence of depression in neuronal activity (hypometabolism).
However CSD (and the relative oligaemiahypometabolism) is sometimes triggered by traumatic and ischaemic brain injury in humans,
micro-embolisations from Patent Foramen
Ovale (PFO), intrinsic brain parenchymal mechanisms [19] . Which is the role of this CSDoligaemia-hypometabolism during migraine with "prolonged" aura and with aura and other above cerebral diseases? We suppose that this CSD-oligemia-hypometabolism may confer protection against the adverse effects of an ischaemic insult [26] because with the reduction of CMRO 2 there is a lower CBF threshold for cerebral infarction, while in aura migraine this reduction is caused by an intrinsic susceptibility to this phisiologycal mechanism.
In conclusion by means of NIRS and TDC during "prolonged" migraine aura we find areas of cortical hypoperfusion corresponding to the topography of aura symptoms that are the result of a decreased metabolic demand rather than an ischemic mechanism. The metabolic demand normalizes gradually after the end of aura symptoms suggesting a threshold above which the symptoms of aura disappear .
To our knowledge this is the first time that by means of the NIRS method is possible to evaluate the metabolic demand of the cerebral cortex during "prolonged" migraine aura in human beings. and so it is difficult to determine the accuracy of NIRS instrumentations. However in our study we use only the percentage variations to minimize the bias using absolute baseline values. Finally the TCD parameters using in our study are largely validated [12] and confirming to us the validity of the APWCM measures.
Limitations of the current study
NIRS parameters
Numbers of patients
Another limitation of this study is that the number of patients is relatively small but patients with "prolonged" aura migraine are relatively rare.
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